We aimed to discover cell line-specific overexpressed HOX genes responsible for chemoresistance and to identify the mechanisms behind HOX-induced cell line-specific chemoresistance in EOC. Ten HOX genes and eight EOC cell lines were tested for any cell line-specific overexpression that presents a mutually exclusive pattern.
Inhibiting the expression of cell line-specific HOX genes, but not of other HOX genes, significantly decreased cell viability. In SKOV-3 cells, cell viability decreased to 46.5% after initial 10 µM cisplatin treatment; however, there was no further decrease upon additional treatment with HOXA10 siRNA. In contrast, cell viability did not significantly decrease upon cisplatin treatment in RMUG-S cells, but decreased to 65.5% after additional treatment with HOXB9 siRNA. In both cell lines, inhibiting cell line-specific HOX expression enhanced apoptosis but suppressed the expression of epithelial-mesenchymal transition (EMT) markers such as vimentin, MMP9, and Oct4. IHC analysis showed that platinum-resistant cancer tissues more frequently had high HOXB9 expression than platinum-sensitive cancer tissues. HOXB9, which is overexpressed in RMUG-S but not in SKOV-3 cells, appeared to be associated with cell line-specific platinum resistance in RMUG-S. Inhibiting HOXB9 overexpression in RMUG-S cells may effectively eliminate platinum-resistant ovarian cancer cells by facilitating apoptosis and inhibiting EMT. this has been mainly attributed to resistance to platinum-based chemotherapy rather than tumour aggressiveness. 4, 5 Nevertheless, all histologic subtypes of EOC have been treated with the same treatment strategy-maximal cytoreductive surgery followed by platinum-based chemotherapy without consideration of the responsiveness to platinum.
HOX genes drive normal organogenesis through morphogenesis and terminal differentiation. Cheng et al showed that several HOX genes are differentially expressed in the fallopian tubes, uterus and vagina, but not in normal ovarian epithelium. 6 They also suggested that the Müllerian-like features of EOC are associated with the aberrant expression of HOX genes: HOXA9 in serous carcinoma, and HOXA10 and HOXA11 in mucinous carcinoma.
Different expression patterns and its prognostic value of HOX genes across distinct histologic subtypes of EOC have also been shown in several other studies. [6] [7] [8] [9] However, the results of these studies were quite inconsistent and made it difficult to determine which HOX genes can be targeted to overcome chemoresistance in mucinous EOC.
This study aimed to discover any cell line-specific overexpressed HOX genes that may be attributed to chemoresistance, as well as identify the mechanisms underlying HOX-induced cell line-specific chemoresistance in EOC cell lines. 
| ME THODS

| Cell culture and siRNA
| Western blot analysis and reverse transcription polymerase chain reaction (RT-PCR)
Cells were lysed, and proteins were transferred to a polyvinylidene fluoride (PVDF) membrane. Membranes were incubated with anti-HOXA10 (sc-271954), anti-HOXB9 (sc-398500), anti-E-cadherin (#3195), anti-Vimentin (#5741), anti-MMP9 (#3852), anti-SOX2 (#2748), anti-Nanog (#3580), anti-Oct4 (#2750) and anti-alpha-tubulin (sc-5286) antibodies.
Cellular RNA was extracted from cells using the TRIzol reagent according to the manufacturer's instructions. Complementary DNA (cDNA) was synthesized from 2 µg of RNA using a reverse transcription kit (Promega) and each primer pair (Yingjun Biotechnology Corporation).
| Annexin V-fluorescein isothiocyanate (FITC) by flow cytometry
Annexin V-FITC assay was carried out using the FITC Annexin V Apoptosis Detection Kit (BD Bioscience) according to the protocols provided. Flow cytometric analysis was performed using a FACS Calibur (BD Bioscience) flow cytometer, by analysing at least 10 000 cells per sample.
| Terminal deoxynucleotidyl transferasemediated digoxigenin-dUTP-biotin nick-end labelling (TUNEL) assay
The cells were transfected with either HOXA10 or HOXB9 siRNA for 72 hours. TUNEL was subsequently performed using the In Situ Cell Death Detection Kit (Roche) according to the manufacturer's instructions.
| Wound healing migration assay and transwell invasion assay
The cells, which were transfected with HOXA10 or HOXB9 siRNA, were incubated overnight or until a monolayer formed. The monolayers were scratched with a 200-µL sterile pipette tip and then washed with media to remove the detached cells and debris.
Cell invasion was measured in a transwell chamber. In brief, 2 × 10 5 cells were added to each transwell invasion chamber coated with 1 mg/mL Matrigel (reconstituted basement membrane; BD Biosciences). After transfection with either HOXA10 or HOXB9 siRNA, the remaining cells on the membrane were fixed for 10 minutes in methanol, stained with 1% crystal violet solution, and then washed with PBS. ing, or <50% tumour cells with weak or combined moderate staining; IHC score 1:50% or more tumour cells with weak or combined weak and moderate staining, but <50% tumour cells with moderate or combined moderate and strong staining; IHC score 2:50% or more tumour cells with moderate or combined moderate and strong staining, but <50% tumour cells with strong staining; and IHC score 3:50% or more tumour cells with strong staining. IHC scores 2 and 3 were considered 'high expression'.
| Statistical analyses
Data are presented as means with standard deviations. When comparing between two groups, Student's t test was applied. Progression-free survival (PFS) and overall survival (OS) were evaluated using the Kaplan-Meier method. Statistical significance was taken as P < .05.
| RE SULTS
Among the ten HOX genes whose expression levels were tested in eight EOC cell lines, HOXA10 in SKOV-3 and HOXB9 in RMUG-S were identified to have cell line-specific overexpression with a mutually exclusive pattern between the two cell lines ( Figure S1 ). HOXA10 and HOXB9 showed selectively high levels of expression in SKOV-3 and RMUG-S cell lines, respectively. HOXA10 and HOXB9 expression was inhibited by treatment with 50 nmol/L siRNA for the corresponding HOX genes, as observed through Western blotting. (Figure 1A ) Upon RT-PCR analysis, we also found that the mRNA expression levels of HOXA10 and HOXB9 were inhibited by treatment with siRNA in a dose-dependent manner ( Figure 1B) . We performed Annexin V-FITC Figure 1E ). In addition, the 72-hour transwell invasion assay showed that the invading SKOV-3 and RMUG-S cells were significantly decreased when the cells were treated with HOXA10 (17.5% vs 103.5%, P = .004) and HOXB9 siRNAs (19.5% vs 52.0%, P = .017), respectively, compared with those treated with non-targeting siRNA controls ( Figure 1F ). In both cell lines treated with their corresponding siRNAs, the expression levels of EMTrelated proteins including vimentin, MMP-9, SOX2, NANOG and Oct4 decreased, while the expression level of E-cadherin increased compared with those treated with their corresponding siRNA controls ( Figure 1G ). Figure 2E , 2).
| D ISCUSS I ON
Apoptosis escape and EMT have been considered to be key processes in chemoresistance according to previous studies. 10, 11 Chemotherapeutic agents generally induce tumour regression through apoptosis; however, the dysregulation of such apoptotic processes can lead to the increased expression of EMT-inducing factors and result in the failure of chemotherapy. In this study, we evaluated whether the chemoresistance in an EOC cell line could be reversed by inhibiting a specific gene. This concept was derived from how the Müllerian-like features in EOC were associated with the aberrant expression of HOX genes depending on the histologic type. [6] [7] [8] Our findings suggest that HOXB9 may contribute to platinum resistance in RMUG-S by promoting apoptosis escape, as well as EMT.
There were only a few studies that reported on the impact of HOX expression on chemoresistance or prognosis in EOCs. [12] [13] [14] The present study, to the best of our knowledge, is the first study that identified HOXB9 to possibly be responsible for chemoresistance in a mucinous EOC cell line, RMUG-S. Demonstration of the association of HOXB9 high expression and platinum resistance using clinical data and human tissue was also a strength of our study; although, we were unable to show any independent survival impact due to HOXB9 high expression. This may be attributed to the small sample number of our study, as well as to the use of a small fractionated TMA block instead of whole ovarian cancer tissues.
HOXB9, which was found to be overexpressed in RMUG-S but not in SKOV-3 cells, appeared to be associated with cell line-specific platinum resistance. Inhibiting HOXB9 overexpression in RMUG-S cells can effectively kill platinum-resistant ovarian cancer cells by facilitating apoptosis and inhibiting EMT. Further in vivo studies and clinical trials are necessary to develop an individualized strategy for effectively controlling chemoresistance in mucinous type EOCs.
